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PROBLEM AND RESEARCH OBJECTIVES:
Intensive irrigation practices developed this century have dramatically increased agricultural productivity in many areas of the western US, notable in the San Joaquin Valley of California (Hess, 1984; Rubatzky, 1985) . These practices, however, have also resulted in increased drainage water production, and chemical contamination of groundwater resources (Halberg, 1987; Lamb, 1986) . It is generally acknowledged that long-term agricultural production in irrigated areas is dependent on an adequate drainage outflow system (van Schilfgaarde and Hoffman, 1977) , and a variety of management strategies are currently being considered to reduce the volume of drainage ultimately requiring disposal or treatment (UC
Committee of Consultants on Drainage Water Reduction, 1988; SN Drainage Program
Management Plan, 1990 ). Reuse of saline drainage water for irrigation is one option proposed.
Cyclic reuse, as proposed by Rhoades (Rhoades, 1984) , involves the use or non-saline water in rotation with saline drainage water for the irrigation of selected crops differing in their salinity tolerance.
The potential for cyclic reuse of saline drainage water for irrigation has been documented for several lower value crops (Rhoades et al., 1988) . Higher value crops such as processing tomato, melons, and cotton have also been produced without sustaining significant yield reductions in short-term studies using saline drainage water (Grattan et al., 1987; Shennan et al., 1988) . Similarly, we have shown by a combination of field and greenhouse studies that processing tomato quality is generally improved by exposure to moderate salinity following plant establishment (Mitchell et al., 1991a,b) . Longer-term experiments indicate that accumulation of soil B over time is the most likely microelement limitation to cyclic drainage reuse, whereas Se accumulation is unlikely to be a problem since Se is readily removed from the root profile by periodic use of good quality water (Shennan et al., 1991) . When non-saline (low EC) water is used to irrigate a field previously salinized by drainage water with SAR's> 15, however, soil slaking may occur which can greatly reduce water infiltration rates and create a strong surface crust, resulting in poor stand establishment and decreased crop yields (Biggar et al., 1988;  2 Shennan et al., 1988) . To prevent these problems, management practices that ameliorate the degradation of soil physical properties should be employed to allow sustainable reuse of drainage water.
The most common method for maintaining soil quality is tillage and incorporations of gypsum into the soil, often at rates from 3 -5 tons acre-I. Due to the increasing demands on the State's scarce water resources, and the drought-induced limited supplies of good quality water, the information generated by this study may thus be timely to growers, irrigation districts, and researchers in areas facing restricted
. supplies of good quality water, and where saline drainage water poses significant problems to agricultural productivity.
The objective of this project is to compare the relative effectiveness of winter cover crop incorporation and gypsum applications in cropping rotations employing cyclic reuse of saline drainage or shallow groundwater for:
1. improving/maintaining good soil physical properties, as measured by soil crust strength and water stable aggregates 2. improving the emergence and yields of summer crops in the rotation 3. reducing the seasonal fertilizer-N requirement of summer crops, and 4. to determine the extent to which the C:N ratio of selected N-fixing and winter cereal cover crops, alone or in combination, governs the effects of residue management on soil physical properties and N inputs using cyclic saline drainage reuse as a model system, and 5. to determine annual water budgets for the proposed cropping systems 4
METHODOLOGY:
Experimental Procedures:
A 3-year study has been conducted at the DC Westside Field Station (WSFS), Five Points, California, in which six winter cover crop/fallow treatments are imposed upon a rotation of tomato, tomato and cotton as summer crops. The winter treatments were:
1. barley/summer saline 2.
vetch/summer saline 3.
barley-legume/summer saline 4.
gypsum/fallow/summer saline 5.
fallow/summer saline 6.
fallow/summer control/fresh
The tomato crops received low EC (0. The 1994 cotton crop irrigations were scheduled based on ET demand and plant based observations.
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Soil samples of the surface 15 em were collected at 312 sites in a 6.7 X 7 m grid throughout the experimental field every spring and fall during the cropping cycle to determine 1) total soil carbon, 2) total soil nitrogen, 3) ECe, 4) SAR and water stable aggregates.
The irrigation management approach proposed in this project is designed to minimize the introduction of salt into the cropping area. Irrigating with drainage water will not add salt to the system, but rather, will recycle and concentrate existing salt, thereby reducing the water volume ultimately needing disposal into local or regional systems such as evaporation ponds or agroforestry plantations (SN Drainage Program Final Report, September 1990).
Measurements:
1.
To assess the relative effects of cover crops, gypsum application, and winter fallows on soil physical properties (objective 1), the following measurements were made:
1. soil crust strength (micropenetrometer) 2.
aggregate stability (water stable aggregate method)
2.
Summer crop performance (objective 2) was evaluated by measurement of 1. seedling emergence rates 2.
. stand counts 3.
plant above ground biomass and tissue N content at crop maturity 4.
final fruitllint yield and quality
3.
Soil N-fertility (objective 3) and soil chemical properties that may directly influence soil crusting and seedling emergence are evaluated in relation to changes in soil C/N pools by measurement of:
1.
CzN ratio of cover crops (dry combustion carbon determination and Kjeldahl digestion N -determination 2.
soil organic carbon (Walkley-Black method) 3.
total soil nitrogen (Kjeldahl method) 4 . evapotranspiration of summer crops form crop coefficient (ET vs days after planting) curves previously developed for the summer crops at the site 5. soil water storage by neutron probe at 14-day intervals during the winter at depths of 13, 30, 60, 90, 120, 150 180 and 210 cm analytical and agronomic aspects of the project, and were routinely consulted as major project decisions were considered.
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PRINCIPAL FINDINGS AND SIGNIFICANCE:
Winter cover crop growth under Central SN conditions is quite vigorous, with the barley and barley/vetch mixes averaging about 8000 -10,000 lbs/acre and the vetch plots yielding 5000 lbs/acre ( Figure 1 ). Changes in soil water storage (0 -165 ern) under winter fallow and winter cover crops are shown in Figure 2 . Net increases in soil water storage during the winter were about 2 inches less under cover cropped conditions than under winter fallow.
The saline drainage water used to irrigate the summer crops has an EC of about 7 dS/m and is quite high in B (Table 1) . It is likely that the soil salinities that developed during the course of summer irrigations ( Figure 5 ), which reach about 7 dS/m, may have had an adverse effect on plant growth and productivity. Two patterns of yields are seen in the two tomato seasons. In 1992, yields were reduced in plots following cover crop incorporation, perhaps suggesting significant N-immobilization in the cover cropped plots. In 1993, the effects of the saline water irrigations and perhaps of high soil solution boron levels were observed, as yields were reduced by a third in all plots that were irrigated with saline water. Leaf blade boron levels throughout much of the season were in fact higher in plants irrigated with saline water than in plants irrigated with non-saline water. Because boron is often recognized as the element that is most likely to cause toxicity problems when present in small amounts, because the differences between deficiencies and toxicities is small, boron levels in this saline irrigation water may well be a major constraint to the reuse strategy. In both years, fruit soluble solids, an important indicator of fruit quality, were enhanced by use of saline water (Table 3) , Preliminary results show that soil crust strength determined by a micro penetrometer of the top 1 em was reduced by both the gypsum and cover crop treatments in 1992 (data not shown). Table 4 shows results of soil water stable aggregate determinations for spring 1992, before saline irrigations were started, and for spring 1994, after two seasons of saline irrigation. 8 Incorporation of cover crops into the soil seems to maintain aggregate stability to some extent relative to gypsum-amended and unamended fallows. Figure 6 shows the number of cotton plants that emerged in each treatment per 104 m of plot. While emergence was slightly earlier in the fresh fallow plots, the final stand was actually highest in plots to which gypsum had been applied. The number of cotton plants that emerged in each of the three cover crop incorporated plots was distinctly, and somewhat surprisingly lower.
Two mechanisms may account for this observation. First, soil organisms that feed on seeds and seedlings likely exacted a heavy toll in plots where cover crop residue had been incorporated into the soil. Secondly, when soil surface crusts form in cover cropped plots, organic residues (barley stubble and vetch stems) reinforce horizontally and vertically dispersed soil crusts as "rebar" in reinforced concrete, in effect resulting in interconnected surface slabs that impede timely seedling emergence. This stubble-reinforced "adobe" presents a formidable and heavy barrier to seedlings.
The longer seedlings are under such slabs, the more prone they are to pathogens, the weaker they become, and if they emerge at all, they often do not survive long.
We also conducted several screening nursery trials to assess the potential of various winter annuals in terms of biomass and N-productivity under the moderate soil salinities we develop during the course of our irrigation/crop rotation system. Many plants, particularly various Brassica, vetch, berseem and Hedysarum species, have produced substantial biomass ( Table 4 ).
The following conclusions can be made from the hypotheses that have been tested in this project:
1. Cyclic reuse of saline subsurface drainage water for irrigation may conserve good quality water and provide a means of sustaining crop productivity over short terms.
2.
Soil surface salt and boron accumulation however, may be major constraints to this cropping strategy and will limit productivity if appropriate irrigation/leaching and crop management practices are not followed. 
3.
Special management practices for stand establishment are required in saline drainage water reuse systems including shallow seed placement, keeping the soil surface moist, and using mechanical crust-breaking implements when appropriate.
4.
Winter cover crop incorporation does not improve stand establishment of subsequent crops in cyclic saline drainage water reuse systems.
In our system, cover crop incorporation resulted in interconnected surface crusts that actually seemed to impede timely seedling emergence.
5.
Cover crop incorporation did however, result in slight improvements in soil water stable aggregation following saline water irrigations relative to bare fallows .
6.
Surface applications of gypsum may be useful in cotton stand establishment in cyclic saline drainage water reuse systems, though soil aggregate stability may not be improved by the use of gypsum.
7.
Net increased in soil water storage (0 -165cm) during the winter due to rainfall were about 2 inches less than under cover cropped conditions than under winter fallows.
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